
Analysis of One Gene

The role  of the c-myc oncogene and hemopoietic
growth factors in tumorigenesis
Gregory D. Schuler

Ph.D. Thesis, Princeton University, 1988

Figure 7

MYC



Analysis of Many Genes
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Pieces of the Puzzle



Sequencing the Genome

www.nbci.nlm.nih.gov/genome/seq/

Estimated 65,000 to
80,000 genes

Approx. 3,200,000 kb
of DNA, to be finished
in 2003

About 100,000 kb of
coding DNA (3% of
the genome)

97% Òjunk DNAÓ

Working draft
sequence by 2000



One Gene, Many Sequences

Characterized Genes

Expressed Sequence Tags

genomic, contiguous

genomic, segmented

mRNA variant 1

mRNA variant 2

3’ EST

3’ EST

3’ EST

3’ EST

5’ EST

5’ EST

5’ EST

5’ EST

ATG TAA

GenBank is an
archive of published
sequences

May be many
representatives of a
given gene



LocusLink

amylo-1,6-glucosidase,4-alpha-glucanotransferase

OMIM RefSeq GenBank UniGene

Example:    AGL



RefSeq



Expressed Sequence Tags (ESTs)
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Clones chosen at
random from many
different cDNA
libraries

High-throughput
single-pass
sequencing

Now over two
million ESTs

Human

Mouse

Rat



An Abundance of Puzzle Pieces



Selection of Sequences for UniGene

GenBank
mRNAs

GenBank
genomic

dbEST
 ESTs

Òelectronic splicingÓ

5,37114,389 1,256,901 Initial set

Contaminant
removal

5,36914,284 1,244,956

Informative
length cutoff5,36914,284 1,169,720

1,189,373
Pooled
sequences

1,189,324
Fusion sequence
removal

Screened for E.coli,
yeast, rRNA and
mitochondrial

Manually maintained
exclusion list for
fusion sequences

Screened for vector,
repetitive elements
and simple repeats



Sequence Similarity Relationships

alignment

alignable region

A
B

Sequence alignments
using MegaBLAST
(Zhang, Schwartz,  and
Miller, unpublished)

Constraints on
alignment quality and
coverage

Coverage
requirement reduces
problems caused by
chimeric sequences

96.5 % id

70 % coverage of



Chimeric Sequences

Query= AA330477 EST34213 Embryo, 12 week II Homo
sapiens cDNA 5' end similar to similar to translation
elongation factor 1, alpha.

EST that matches
both hemoglobin
a and elongation
factor 1a



Effect of Chimeric Sequences

Hemoglobin a
sequences

Elongation factor
1a

sequences

Chimeric
sequence

One bad sequence
can corrupt two good
clusters

Some chimeras can
be found by graph
analysis

For known genes, use
reference sequences
to force apart



A

Clone Relationships

CDS 3Õ UTR5Õ UTR

FE

DC

B

A B

C D

E F

ESTs from opposite
ends of a clone often
do not overlap

Clone IDs can bring
ends together only if at
least 2 clones agree



Multi-step Clustering

GenBank
mRNAs

GenBank
genomic

dbEST
 ESTs

Add ESTs208,079

Merge singletons

Add Òguest membersÓ

9,240

58,638

Select 3Õ anchored
clusters

Cluster known
genes first

65,567

58,638

UniGene

Multi-step clustering
prevents bad ESTs
from corrupting good
mRNA/gene clusters

3Õ ends desired to
avoid multiple
clusters per gene



Lumping and Splitting

A

FE

DC

BLumping:
More than one
gene in a cluster

A

FE

DC

B
Splitting:
Multiple clusters
for one gene

Estimates of
lumping and
splitting estimated
from partitioning of
STSs or locus IDs

2.4% lumping

1.2% splitting



3Õ Anchoring

poly-A

mRNA

start stop

AAAAAAAA

5Õ ESTs 3Õ ESTs

poly-A signal

Over 90% of libraries
are oligo-dT primed

Requiring 3Õ end
reduces splitting



Poly(A) Signal Detection

AATAAA
ATTAAA AAAAAAAA...

End of
sequence

Hexamer signal
Poly(A) tract

10-35 £10³7

AATAAA
ATTAAA

Hexamer signal

£35

Wahle & Keller (1992) Annu Rev Biochem 61, 419-440

Poly(A) may be trimmed

End of
sequence

Algorithm is based
on published data
but tolerates over
and under trimming



Gene Discovery Rate
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A Catalog of Puzzle Pieces



Transcript Mapping

International RH
mapping consortium

STSs designed from
cDNA sequences

Mapped using
GeneBridge 4 (GB4)
and Stanford G3
panels

Science 1996 Genome Wall Chart



Radiation Hybrid Mapping

X-rays

A

B
C

D
E

F

G

Human donor cells Rodent recipient cells

Hybrid 1 Hybrid 2 Hybrid N...

B
C

F

D
E

G
F

A
A

D
E

Cell
Fusion

Hybrid
Selection

tk

tktk

tk

tk



Transcript Mapping

www.ncbi.nlm.nih.gov/genemap

1998 update had over
30,000 unique gene
STSs

About 2000 genetic
markers used for
integration

Accuracy improved
approx 3-fold from
1996 release



cftr





Electronic PCR (E-PCR)

STS marker  D6S1606

forward primer

reverse primer

microsatellite repeat

PCR product size: 92 - 100 bases

GAGTTTGCACCATTGCACTCCAGCCTGGGCAACAAGAGTGAAACTCTGTCACAGA (CA)n AACGTGGCATGTGCCTGTACTCTC
CTCAAACGTGGTAACGTGAGGTCGGACCCGTTGTTCTCACTTTGAGACAGTGTCT (GT)n TTGCACCGTACACGGACATGAGAG

E-PCR software searches DNA sequences for exact matches
to both primers in correct order, orientation, and spacing to
be consistent with known PCR product size.

Schuler (1997), Genome Research 7, 541-550 











A Framework for the Puzzle



SAGEmap

Presentation of SAGE
data generated by
CGAP, Greg Riggins
(Duke)

Highlights expression
differences between
different libraries

SAGE tags are
mapped to UniGene

www.ncbi.nlm/nih.gov/SAGE



Revealing the Picture



Positional Cloning

Genetic
Mapping

Physical
Mapping

Transcript
Mapping

Gene
Sequencing

Family
Studies

Chromosome 
Interval

Large-Insert
Clones

Candidate
Genes

Disease
Mutation

Met A A Met
    T T
    G G
Val G G Val
    T T
    C C 
Ser T T Ser
    C C
    A A
Leu C C Leu
    T T
    G G 
Gln C T
    A A
    A A
Pro C C 
    C C
    G G
Cys T T
    G G
    T T   

STOP

*



Positional Candidate Cloning

Genetic
Mapping

Computer
Search

Gene
Sequencing

Family
Studies

Chromosome 
Interval

Candidate
Genes

Disease
Mutation

Met A A Met
    T T
    G G
Val G G Val
    T T
    C C 
Ser T T Ser
    C C
    A A
Leu C C Leu
    T T
    G G 
Gln C T
    A A
    A A
Pro C C 
    C C
    G G
Cys T T
    G G
    T T   

STOP

*

1. ESTs, unidentied

2. Breast cancer susceptibility
locus 1 (BRCA1)

3. ESTs, highly similar to
patched [Drosophila
melanogaster]

4. Phosphofructokinase (PFK)

5. ESTs, unidentied

6. ESTs, unidentied

7. Deleted in pancreatic cancer
1 (DPC1)

8. ESTs, unidentied

Genes in Interval 



Completing the Puzzle


